Processive action of the two peptide binding sites of prolyl 4-hydroxylase in the hydroxylation of procollagen.
The number of peptide binding sites of prolyl 4-hydroxylase was manipulated with the peptide photoaffinity label N-(4-azido-2-nitrophenyl)glycyl-(Pro-Pro-Gly)5, and the effect on hydroxylation of the relatively short peptide substrate (Pro-Pro-Gly)5 and of the long natural substrate procollagen was studied. With (Pro-Pro-Gly)5 as a substrate, a linear relation was found between enzyme activity and the amount of covalently bound photoaffinity label, approximately 50% inactivation being reached at 1 mol of label/mol of enzyme. No difference in Km value for (Pro-Pro-Gly)5 was detected between unlabeled and partially labeled enzyme preparations. These results indicate that enzyme molecules with only one free active site hydroxylated the synthetic substrate (Pro-Pro-Gly)5 with the same Km and at half the rate of native enzyme. In contrast, with procollagen as a substrate a 5-10-fold increase in Km was found with the fraction of enzyme containing only one free active site, as compared to the Km for procollagen with nonlabeled enzyme. This finding is explained by an enzyme-kinetic model based on a processive action of the two peptide substrate binding sites of prolyl 4-hydroxylase, preventing dissociation of the enzyme-substrate complex between successive hydroxylations of a long peptide with multiple substrate sites. Such a mechanism leads to a low Km for a long peptide by overcoming the diffusional constraints on the rate of association between the enzyme and the individual substrate sites.